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Summary

Cholera was absent from Haiti until an inadvertent introduction by United Nations security
forces in October 2010. The ensuing epidemic sickened 820,000 and caused 9,792
reported deaths’. The last cholera case in Haiti was recorded in January 2019, and in
February 2022, Haiti was declared to have eliminated cholera?. In late September of 2022,
a new outbreak began in Port-au-Prince and rapidly expanded to 964 suspected cases
by mid-October of which 115 were confirmed by culture.® Here, we present genomic and
phenotypic analysis of the Vibrio cholerae isolated from a stool sample collected on
September 30th, 2022 of an index case — a 10-year-old girl who presented with watery
diarrhea and severe dehydration — to address the origins of the epidemic.

The 2022 V. cholerae isolate shares phenotypes with the 2010 outbreak strain. Both
strains are V. cholerae serogroup O1 of the Ogawa serotype and have similar
antibiograms, including resistance to trimethoprim/sulfamethoxazole and low-level
resistance to ciprofloxacin (Supp. Table 1,2). This resistance profile is consistent among
several other isolates from the current outbreak, suggesting that the strain isolated from
the index case is representative of the ongoing epidemic.

To decipher the relationship between the current outbreak strain and other toxigenic O1
El Tor strains from the ongoing seventh pandemic of cholera, we sequenced the
9/30/2022 isolate, along with four 2021-2022 isolates from Dhaka, Bangladesh (Supp.
Table 2). Phylogenetic analyses of over 1,200 isolates revealed that the 2022 Haiti index
case clusters extremely closely with isolates from the 2010 outbreak in Haiti (Figure 1).
This isolate is similarly closely related to 2010 Nepal isolates that were the origin of the
initial outbreak as well as to 2013 strains from Mexico that were thought to have spread
from Haiti* and is divergent from currently circulating Bangladesh isolates. Haiti 2022 and
Haiti 2010 isolates have identical ctxB (ctxB7) and other virulence factors (Supp. Table
3) and produce similar quantities of cholera toxin (Supp. Figure 1).

These analyses strongly suggest the reemergence of cholera in Haiti is caused by a
descendant of the V. cholerae strain that gave rise to the 2010 epidemic. However, no
cases of cholera were confirmed between 2019 and 2022 despite ongoing surveillance.
Several explanations for the recrudescence of this strain are possible. The first is that
toxigenic V. cholerae O1 persisted in Haiti through sub-clinical human infection and has
recurred in the setting of waning population immunity coupled with a crisis in lack of clean
water and sanitation. A second non-exclusive possibility is that this V. cholerae strain has
persisted in environmental reservoirs. Finally, since the Haiti outbreak was ultimately
transmitted to other countries in Latin America?, a third much less likely explanation given
the absence of recent cholera cases in the region is that the current strain could have
been reintroduced to Haiti from a nearby country. These findings, along with the
resurgence of cholera in several parts of the world® despite available tools, suggest that
cholera control and prevention efforts must be redoubled.

Acknowledgements


https://doi.org/10.1101/2022.10.31.514591
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.10.31.514591; this version posted November 1, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

85  This work is funded by NIH RO1AI-04237 and HHMI (MKW), NIH F30AI160911-01 and
86 NIH T32GM007753 (DHFR), NIH RO1HD102540 (JBH), and NIH R0O1A1099243 (LCI).
87

88 This article is subject to HHMI's Open Access to Publications policy. HHMI lab heads
89 have previously granted a nonexclusive CC BY 4.0 license to the public and a

90 sublicensable license to HHMI in their research articles. Pursuant to those licenses, the
91 author-accepted manuscript of this article can be made freely available under a CC BY
92 4.0 license immediately upon publication.

93

94 Competing Interests

95

96 The authors declare no competing interests.

97

98 References

99

100 1. World Health Organization. Cholera - Haiti: 12 October 2022. 2022.

101 2. Haiti Ministere de la Communication. 4 février 2019 — 4 février 2022 — trois (3) ans
102 SANS CHOLERA en Haiti. Siteweb Officiel du Ministére de la Communication.
103 2022.

104 3. Haiti Ministére de Lasanté Publique et de Ila Population. Situtation
105 Epidémiologique du Choléra, 19 Octobre 2022, Haiti. 2022.

106 4. Dorman MJ, Domman D, Poklepovich T, et al. Genomics of the Argentinian cholera
107 epidemic elucidate the contrasting dynamics of epidemic and endemic Vibrio
108 cholerae. Nature communications 2020;11(1):4918. DOI: 10.1038/s41467-020-
109 18647-7.

110 5. World Health Organization. Shortage of cholera vaccines leads to temporary
111 suspension of two-dose strategy, as cases rise worldwide - 19 October 2022.
112 2022.

113 6. Mutreja A, Kim DW, Thomson NR, et al. Evidence for several waves of global
114 transmission in the seventh cholera pandemic. Nature 2011;477(7365):462-5. (In
115 eng). DOI: 10.1038/nature10392.

116

117

118


https://doi.org/10.1101/2022.10.31.514591
http://creativecommons.org/licenses/by/4.0/

Continent

. Haiti
THSTI_56650
THSTI_56712

@) -
. ther North America
Bangladesh 2022 THST‘_E’GGQ:HSTI 52665

THSTI_52588 0%—
THSTI_45869
THST)_33102
THSTI_32676
CNRVC100278

THsT\_26907

.’

. South America india 20112017
THSTI 26871
THST \’26865 ThsT! 23485
;Hsn_zams
.‘-Hs-\-\’zo?{lo nc_23A

. Other/Unknown

HCUFO1

HC
e ’49 A2

Tree scale: 10 ¢

]
5

Haiti 2022 clade
0 < f.: Year -
N \/C,-\A
epal 2010 VO A
HC-AOP\ 6BA
Haiti 2010-2011
2

179
4798
10EL T
200 o780

Pre-1970
2010 7_011ELJ°89

w3687
- \,\’AOS::LM)QG
Mexico 2013 e

0\0

2

Tree scale: 100 ————

B 1990-2009

5022) T

\{\ )

Haiti 2022 clad -
© w22 e



https://doi.org/10.1101/2022.10.31.514591
http://creativecommons.org/licenses/by/4.0/

119
120
121
122
123
124
125
126
127

bioRxiv preprint doi: https://doi.org/10.1101/2022.10.31.514591; this version posted November 1, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

Figure 1. Phylogenetic tree of 71" pandemic Vibrio cholerae. (Left) A phylogenetic tree of
non-recombinogenic regions from 1,227 strains of O1 El Tor 7t pandemic V. cholerae.
Wave 1, wave 2, and wave 3 represent the dissemination of V. cholerae from Asia®.
Tracks represent continent (inner) and year (outer) of isolation. Tree scale represents
single-nucleotide polymorphisms (SNPs) per genome. (Right) Inset focused on the Haiti
clade along with recent Asian isolates.
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